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ABSTRACT 

Air pollution studies are based on Individual-level healrh 
response data and y,' oup-Jte 1 exposure dais. Therefore, 
exposure npsci Dislocation occurs, and the result* may be 
biased to an unknown magnitude and direction. Testing 
the validity of such associations requires a study design 
using indM dual-level data [or twill exposure and response. 
One can test the plausibility of group-level pm risk esti¬ 
mates by comparing them to individual-level estimates 
of risk from constituents of ambient air. The twofold pur¬ 
pose of this review is to consider [fie internal consistency 
of risks estimated bam the three major PM cohort studies 
and to determine individual-level mortality risks associ¬ 
ated with ambient concentrations of tobacco smoke and 
occupational exposures and compare them with risks as¬ 
sociated with ambient PM. 

The paper demonstrates the risks axe not consistent 
within and between the FM cohort studies. Higher ambi¬ 
ent concentration risks (ACKs) from the ambient PM co¬ 
hort studies ale not coherent with ACRs derived Horn 
individual-level smoking and occupational risks for total, 
cardiopulmonary, and lung cancer mortality, fndrridual- 
Je-el studies suggest increased risk of mortality cannot be 
measured with reliability ac concentrations found in am¬ 
bient air. 

INTRODUCTION 

Air pollution studies are based on Individual-level health 
response data and ecological or group-Icvef exposure data. 


implications 

The lack of GOrtSIsInncy u/hhln ihe PM err on siudies and 
rhe divergence of the PM cohort-basal risJtofrom smok¬ 
ing and occupational exposures to PM constrtiraita casT 
doutrt on the mortalky-PM exposure hypothesis. The lack 
of coharence suggests thru regulation of PM exposure 
below current standards will not reduce mortality, and py 
extension will divert money from beneficial projects to 
reductions In materials that do nut affect mortality or 
morbidity. 
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Therefore, exposure misdasslfication occurs, and the re¬ 
sults may be biased to an unknown magnitude and direc¬ 
tion. In epidemiology, a study using group-level data Is 
generally a hypothesis-generating study and nor suitable 
for testing a hypothesis. Tests to verify or refute such as¬ 
sociations require as a minimum a study design using In¬ 
dividual-level data for both exposure and response. One 
can test rhe plausibility of PM risk estimates from pro¬ 
spective cohort studies by using individual-level estimates 
of risk from constituents of ambient air. 

The method used to rest the PM/mortality hypoth¬ 
esis Is to determine the individual-level mortality risks 
associated writ, ambient concantiations of tobacco smoke 
and occupational exposures anti compare these Hclrt 
(called ambient concentration risks or aCRs) with mor¬ 
tality risks associated with ambient PM which have no 
individual-level exposure data. This method is basically 
the same as the calculation of unit risk (UK) except we 
use ambient concentration as the unit of exposure. The 
individuai-Jevid measures of occupational exposures in¬ 
clude carbon black, diesel exhaust, potyaromaric hydro¬ 
carbons (PaHs), transition metals, and 5iO r 

It would be most useful In an empirical test of coher¬ 
ence/consistency If the parriculaie was similar to ambi¬ 
ent PM,,. Combustion PM Is an important source of fine 
particulate, and a suggested cause of the association's in 
the cohort studies. 1 PaHs and trace metals are also part of 
the emissions from combustion, and trace metals have 
been proposed as a possible etiological agent. If the pri¬ 
mary concern is sire, then fine inorganic particulate in 
metal fumes and welding fumes may be Important, Re¬ 
ceptor modeling Indicates fugitive dusts, including SiO y 
are also major sources of PM. Tobacco mnt- is a major 
source of exposure to fine PM, as mainstream smoke fox 
smokers and sidestream smoke for both smokers and non- 
smokers, Environmental tobacco smrJw (CTSj is also found 
m ambient air. 

This paper will consider the hypothesis that current 
levels of ambient PM increase the risk of mortality Trie 
basis for this hypothesis comes from three prospective 
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cohort studies—the Six Cities cohort, 1 the American Can¬ 
cel Society (aCS) cohort,' and the latest update of the 
Seventh Day Adventist cohort, called AHSMOG.*'* The 
major categories ol mortality in these Studies were total 
mortality from all causes, cardiorespiratory mortality, and 
Jung cancer, fdonjjiallgnant respiratory disease fNMRD) 
was also considered in the AHSMOG and mentioned m 
Six Cities. These studies also provided estimates of Indi- 
vjdual-lev e ] rislt from smoking 

The purpose of this paper is to address questions re¬ 
garding the risks of increased mortality associated with 
PM constituents of ambient sir. The major focus will be 
on the smoking risks estimated from the air pollution stud¬ 
ies and on occupational cohorts where there are quanti¬ 
tative exposure-response (E-R) trends based on 
individual-level estimates of exposure, similar to Oxman 
et al.* In this way, individual-level risks associated with 
high exposures to primarily single consntuunts of ambi¬ 
ent air can be compared with group-level risks associated 
with ambient PM, The basis of the comparison will be the 
aCR_ The aCR Is the risk associated with average concen¬ 
trations of constituents measured In ambient air. 

Answering the following questions will test the co¬ 
herence of the hypothesis thai ambient ah concentrations 
of approximately ZO-ug/m 3 PM significantly increase mor¬ 
tality. 

• Is there an internal consistency of results in the 
PM cohort studies, both within and between the 
studies, sufficient to fulfill the causal criterion of 
consistency? 1/ there is inconsistency, are there any 
results that do meet the coherence causal criterion? 

- 1} Tbete external coherence between the results of 

PM cohort studies and results from smoking and 
occupational cohorts? Are the aCRs from indi¬ 
vidual-level studies similar to group-level risks? 
Can individual-level risks derived from smoking 
and occupational cohorts bt reliably estimated at 
exposure levels found in ambient air? 

A finding of similar ACRs supports the PM/mortallty hy¬ 
pothesis, while a finding of dissimilar aCRs detracts from 
a causal association. 

The Methods section explains the procedures for cal¬ 
culating risks and the units of exposure used for each air 
pollutant. Results are then presented for ACRs associated 
with ambient PM and tobacco smoke from the air pollu¬ 
tion studies for total, cardiopulmonary, and lung cancer 
mortality and WMRD. Then the results from occupational 
cohorts are presented by the specific component found 
in ambient air. PM without a size qualifier refers to PM of 
several sizes that can be determined from the context, 
For example, PM Is used for the three PM cohort studies 
where the size for Six Cities and ACS is PM JS and for 
AHSMOG it Is PM J0 . 
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METHODS 

A computer search of rhe literature from 1 966 to ihe 
present was conducted for mortality studies of occupa¬ 
tional cohorts exposed to carbon black, coal smoke, coal 
tar, diesel exhaust, PaHs, muisitipn metals, or inorganic 
dust. Criteria for selection of studies included (1) indi¬ 
vidual-level exposure data, (2) minimal confounding, and 
(3) quantitative exposure-response analysis where it is pos¬ 
sible ro estimate risk per unit exposure. 

The exposure metric is cumulative exposure, and Is 
convened w an estimated lifetime intensity of exposure 
for 70 years; the unit* arc pg/nri. The protocols for calcu¬ 
lating aCRs relating to ambient PM, dgaletie smoke, and 
occupational exposures are given as examples below. 

Conceptually, the method Is as fallows. There are two 
types of studies reporting risks associated with PM. One 
type uses ambient PM concentration as the group-level es¬ 
timate of lifetime exposure, which is In jig/m*. The second 
type uses exposure to PM ar work or personal exposure id 
tobacco smoke as the individual-level estimate of cumula¬ 
tive exposure for a working lifetime ai pack-years of expo¬ 
sure to tobacco smoke (in Jig/m 3 years). For these 
occuparional/sraDklng studies, tht exposures are convened 
to a lifetime intensity in units of pg Im 1 . Ncrw lifetime ex¬ 
posure intensities to PM are in the same exposure unirs. 
That Is, |ig/m\ Using the reported ris ks and exposures from 
these studies, p coefficients were calculated. To make the 
comparison between the estimates from these two types of 
studies more understandable, a relative risk IRK) was calcu¬ 
lated based on the coefficient and an ambient exposure; 
this risk is called the aCR. The ACRs from rhe two types of 
studies are then compared for consistency. 

Sample Calculation of ACS 

Development of the ACX. One ftf rhe bases of comparison 
used in this paper is rhe aCJL The ACR Is based on an RR 
and ambient exposure concentration. Exposures in the 
PM cohort studies are reported in lifetime intensities and 
need no alteration. The occupational exposures are con¬ 
verted to lifetime exposures using standard conversion 
techniques assuming a 70-year lifetime and a 40-ytar 
working lifetime. 1 It is assumed that the HR is exponen¬ 
tially related to exposure, 3, try rhe equation RR - exp 0 x 
E). The factor p Is akin to the U.S. Environmental Protec¬ 
tion Agency (LPa) UR factor. In the current paper, the b 
factor was estimated from the RR associated with a stan¬ 
dard exposure relative ro a zero exposure. This distinc¬ 
tion is important mainly in occupational studies where 
rhe exposure in the base comparison group Is often greater 
than zero, frt these cases, the p factor is estimated from 
RR = exp (;)*(£- £j), where £„ is the base expesuje. The 
base comparison group Includes the lowest exposed or 
rjonexposedreferenr group in case-control studies or other 
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designs where the RJ! is 1.0, and in cohort studies where 
the SMR is for the entire cohort and the reference popula¬ 
tion SMR u set at 1.0, so in effect the SMR /or the exposed 
group becomes an jut. 

Comparisons of the p factors provide estimates of tela- 
(fee tenacity or change of risk with a unit cha nge in expo¬ 
sure. Howtvir, the goal of the current analysts is to 
compare risks associated <^ith an ambient exposure rather 
than with the same unit of exposure for each of the dif¬ 
ferent PM constituents. A comparison based on a fixed 
exposure, such as 1 0 Rg/m 1 (or 1 fig/m* aj in UR), Would 
provide a distorted view because, for example, while 10 
pg/m’ls reasonable for PM it is too extreme for Cr, which 
occurs in small fractions of 1 To overcome these 

difficulties, the exposure unit chosen tot comparison was 
the average concentration of the material in contempo¬ 
rary ambient air or contemporary ambient exposure con¬ 
centration. The estimated ambltnf exposure 
concentrations used in these analyses are presented in 
Tbble 1 and represent the ambient concentration used to 
estimate the ACft for that particular constituent of ambi¬ 
ent ail. VVhile there might be some differences of opinion 
as to what values to choose for contemporary ambient 
exposure concentration, the values are mainly for com¬ 
parison purposes, and other ambient values could be sub¬ 
stituted and new comparisons made. 

Contemporary ambient exposure concentrations for 
PM in the air pollution studies are set at Z0 Rg/m J since 
this is the approximate difference^ PM.^ between high- 
and low-polluted cities In both the Six Cities and nC&- 
studies. It also approximates the Interquartile difference 
in FM,„ in the AflSMOG cohort. The smoking and occu¬ 
pation;:] cohorts arc exposed to ambient air plus air that 
Is enriched with excess PM from exposures at Work (die¬ 
sel exhaust, PA Ha. SiO,, and trace metals) or from per¬ 
sonal habits (tobacco smoke). These extra exposures often 
are many times greater than the concentrations found in 

l^ble 1 - Cuncmlrdfions jn ambtert all o! consduenb used In caltJlsiirto ACRs. 
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ambient air. The question of whether it Is possible to esti¬ 
mate risk to substances found in the low concentrations 
of ambient air (relative w work/smoklng exposures) an 
only be answered when the unit of exjxssuie is that of 
ambient concentrations. All These suhstanas at some con¬ 
centration are associated with some increased risk for at 
least one cause of death. Even when the exposures are 
estimated for a 70-yeai lifetime instead of a 40-year work¬ 
ing lifetime, the average smoking and occupation aJ ex¬ 
posures generally exceed ambient concentrations in the 
ait pollution studies (see Flguie 1). ACRs estimated from 
the smoking/occupatlonal cohorts provide a mas favor¬ 
able situation for estimating risk ji concentrations found 
In urban air since the slope of the E-R curve is influenced 
by hoth the high occupational/smoking exposure and 
ambient PM. IS the risks from these known toxins cannot 
be estimated with reliability, it is implausible that one 
could estimate increased risks from ambient PM alone. 

The following examples outline the conversion pro¬ 
cess from the published RR to the estimated ACRs. 

SmttktrExample. Dockery et al. J Indicated that a 2S pack- 
year smoker has an RR of 1.26 for Total mortality, (A pack- 
year is 20 cigarenes/day for 1 year) (tin average, men in 
the ACS cohort study smoked cigarettes containing 
15-mg tar/cigarene and women smoked cigarette* con¬ 
taining 10 -mg tar/dgarstte. Assume 1S m 3 of air breathed/ 
day.’ 

* Male tobacco exposure for 1 day = IS-mg tar/ 
cifiaiene x 20 cigarettes/day = 3D£> mg/day. 

* Dally mean exposure while smoking = (300 
m&/day)/(18 mVday) = 16.7 rng/m 3 . 

• Lifetime mean exposure w (36,7 jog/m J ) x (25 
years smoking/70 yeas lifetime) = 5.95 mg/m 3 - 
5350 ug/mZ 

• Knowing from the Six Cities Thai /or 2.S pack- 
years the KK is 1.26 and the lifetime exposure is 
5950 ug/m\ p is calculated a* ln(1.26)/5950, or 
3.9 x ID- 4 Oig/m 3 )-'. 

• The male lifetime UR for 1 ■Rg/m* tobacco PM is 
eXp (3.9*10-*} =. 1.00004. The ACR is 1.000)078 
per 0.20 pft/m 3 lot 2TS. 

* The corresponding female lifetime UR for 
1-pg/m 3 tobacco J?M is 1,00003. The ACR is 
1.0000052 per 0.20 Rg/m 3 for ET5. 

Occupational Example. The occupational studies have as¬ 
sessed the E-H using cumulative exposure, which is a life- 
time exposure. Lifetime intensities were estimated by 
dividing lifetime exposure by 70 years. In cob wit srudles, 
results may be given as standardised mortal} ry ratios 
(SMRs) associated with specific exposures. To develop 
aCRs, a "no exposuxe" group was arbitrarily set at 1.0 and 
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aCRs estimated accordingly. In several studies, an aver¬ 
age exposure could he estimated from E-H analyses for a 
specific cause of death. If only 5MRs are reported, aCRs 
are estimated using the overall SMR and average expo¬ 
sure from the E-R analysis. 

Assume an SIR of 0-87 Is associated with an exposure 

of 1,9 mg/m’ yens respirable SlOj in an occupational set¬ 
ting. The UR and ACR are calculated as follows. 

■ First, the occupational c x posute is J.9 rng7rn’ 
years. 

- lifetime exposure Is convened Id lifetime inten¬ 
sity of exposure by (1900 pg/m’ years/70 
years) a 27,1 ng/m 1 . 

* Using the RR/ejtposuie relation, p Is calculated as 
ln(0.67)/27.1, or-1.48 x Kh 1 (ug/nri) 1 This yields 
y lifetime UK/jig/m* of 0.9854. The lifetime aCR 
for SlOj is 3 times the UR, or 0.957 (3-pg/m' SIO, 
In ambient air X -1,48 x lCr a (pjj/m 1 )-'). 

• Therefore, the lifetime UR Is 0,9854 fot 1-yg/ro 1 
occupationally based respirable 510, KM, and the 
lifetime aCR for 5iOj Is 0.957 for 3-u.g/m 1 respi¬ 
rable SiO a found In ambient air. 

AltPollutlonExample .The average ambient concentration 
used in the PM cohort studies is the lifetime intensity 
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and needs no further calculation. For examp) t, in the Six 
Cities study, an increase of 18,5-p^/iii 3 f“M 2J Is associated 
with an RR of 1.26 for total mortality. These values are 
based on a reported risk far Sieube/lvill* versus portage, 
where the average lifetime exposure is 33.6 pg/m 3 for resi¬ 
dents ol Steubenville, the most polluted city, and 11.0 
pg/m'' for Portage, the least polluted city, a difference of 

18.6 (jv/up. 

» lifetime mean exposure = 18.6 ug/m 3 . 

- f is calculated as lfi(1.26)/18,6 = 1.24 X 10-^ 

(pgfmf)-'. 

> The lifetime UR for l-pg/nr' PM is Is exp (1.24 x 
IQ-*) = 1.01ZS, and the lifetime ACR is 2D times 
ths coefficient of the UR, or 1.282 for 20jjg/m' 

W I; , 

CtiBiparison of Risks by Magnlnulit and Ratio 

URs and ACRs can be compared between studies by con¬ 
sidering their algebraic value and determining which risk 
Is larger and the magnitude of the difference Since the 
majority d£ URs and ACRs are close to 1, it Is difficult to 
appreciate the difference in risk that is knplitd by the [da¬ 
tively small algebraic difference. For example, the aGR for 
FMjjTnexvuT^ at the amhieni exposure of 20 pg/sn 3 is 1.28, 
white the aCR for tobacco smoke measured at the ambient 
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exposure d/ 0.20 pg/rn J is 1.00002; ihelr ratio Is very dose 
» 1.28, which masks the size of their relative potencies. 

jui alternative comparison is to consider the ratios 
of the jl coefficients. Because URs and ACRs are close to 
1.0, the p "gluesare approximately equal loUH-1, Thus, 
P approximates the added risk (the risk added to the risk 
at zero exposure), and the ratio of the p factors is the 
xtitio of the added risks, for the example given, the p fac- 
tors for PM 24 and tobacco smoke are 0.247 and TBD* 1CH, 
so the ratio is 13,722, This indicates that the added risk 
from PM m is about 14,000 times larger than that from 
tobacco smoke at ambient concentrations. We will use 
this method of comparison in addition to comparing 
the magnitude of rhe aCRs, and we will denote it as the 
ratio of coefficients. 

RESULTS 

Backgroond fur PM and Smoking 
in Prospective Cohort Studies 

The Six Cities and ACS studies assessed the association 
between PM ai , smoking, and mortality using Cox pro¬ 
portional-hazards regression models. The value used to 
estimate ambient exposure was the average of the reported 
ACS and Six Cities annual 2M JS concentration means. The 
former was based on 4 years of observed data, the latter 
on 16 years of observed data. In the aHSMOG cohort, 26 
years of data on PM |0 were available, The annual average 
is equivalent ro lifetime intensity of exposure. 

The Kits of smoking were assessed in each of the PM 
studies and are used w test the PM hypothesis, since to¬ 
bacco smoke Is a constituent of ambient air as well as a 
very Important source of home, work, and personal" ex¬ 
posure. Sidestream smoke is inhaled by smokers and non- 
smokers alike and is called ITS. C°ri and Mantel*estimate 
that ETS-artribu table PM concentrations generally are less 
than 50 fig(ni 3 , The National Research Coundl* estimates 
that ETS concentrations range from 2(5-350 pg/m' in 
homes of smokers. Approximately 90% of rhe general 
population as well as the PM cohort populations are ex¬ 
posed to tobacco smoke whether they smoke oi not. 
Wtrpeis 1 " esnmaied average exposure ro ETS is about 18 
Ug/m 3 , a value comparable to the average outdoor con¬ 
centrations in the Six dries study. Thus, tobacco smoke 
is a major source of workplace and home PM 1S exposure 
among nonsmoktis and a primary source of exposure to 
PM 1( for smokers. 

Ambient ETS concentrations are less than home and 
workplace concentrations, but they are measurable. Rogge 
et aj. 11 estimated the upper lifnlr of ambient FTS concen¬ 
tration in Los Angeles was approximately 0.28-0.36 
MgAn 3 , or 1-1.3% of PM 1S mass concentration. The con¬ 
temporary ambient exposure concentration for ambient 
tobacco smoke concentrations is set at 0.2 ug/m 3 (Table 1). 
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Results of ACR calculations from the FMcnborr stud¬ 
ies are presented below, for mortality from all causes, 
cardiopulmonary diseases, and lung cancer, and the 
ranges of aCRs are located in Table 2. Details are In the 
Appendix. 

ACRS for All-Cause Mortality for PM 
and Cigarette Smnio 

ACJis fu7 Amblerti PM. In the 5ix Cities cohort, the oreiy 
significant tlev fl ted ACRs were for Sieiihen vilJt. 128 (1.06- 
1.33) for the entire cohort and 1.32 (l.CS-1,68) for men. 
The lowest AC* Wele 0.67 (0.01-19-5) for women In To¬ 
peka and 0.73 (0-20-2.55) for men in Vs(atertown. The 
highest ACRs were 3.69 (0.04-60) for men in Topeka, 1,48 
(0.92-2.41) for men. In Hartman, 1,42 (0.79-3.49) for mar 
In5t, Louis, and 2.77 (0,69-11,5) and 1.36 [0.69-2.76) far 
women in Watertown and St Louis, respectively (Pigure 
2). There was nn eonrisrent E-R trend for men or women 
when considered separately. For example, in Topeka the 
men had rhe highest ACR and the women the lowest, 
while the reverse was true in Watertown. Jh e linear rela¬ 
tionship seen in Figure 3 of Dockery er al ! is apparent 
when men and women are combined, bur not apparent 
when considered separately. 

In the ACS cohort, the ACRs for total mortality were 
about 1.34 for both men and women. In the AflSMOG 
cohon, all-cause mortality was not associated with PM,, 
for either men or women with ACRs of 1.09 (0.9S-1.Z1) 
far men and 0.95 (0-87-1.03) for women (Figure 2). 

ACPs for Cigarecre Smoke. In the Six Cities cohort, the ACR 
of all-cause mortality for cigarette smoke was 1.00001 
compared to an ACR of 1.28 per 20-ug/m 3 KM^. The ratio 
of the coefficients is an implausibly large 25,000. In ACS, 
the ratio of the coefficients is about 4000. At ambieirr 
concentrations of ETS, the ACRs for cigarette smoke ate 
too low ID detect wjtfi any rellahifiiy. No data were pro¬ 
vided on risk of all-cause mortality In aHSMOO. The ra¬ 
tios of aCR coefficients (PM)tobacco smoke) show the 
group-level f>M risks are 3 or more orders of magnitude 
larger than rhe individual-Jeve) estimated risks associated 
with ambient tobacco smoke (Table 3). 

ACRs of Cirdlupulrnnu-iry Mortality 
for FM and Tobacco Smoke 

ACAs for Ambiem PM. The ACR far cardiopulmonary 
mortality in the Six Cities cohort is 1.4 (1.17-1.75). The 
association of NMRD and was unstable vnH statisti¬ 
cally nonsignificant. When cardiovascular and respiratory 
disease deaths were combined, the associations with air 
pollution became consistent and robust. 

In The ACS cohort, the ACR for caidlopulmonaiy 
mortality was 1.25 (1-14-1.36) for tht tnnre cohort, but 
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Table 2. Marge nj ACRs lor PM cohnrl studies 


Causg oi 0P3lh 

high mCMb |Ci) 

LPW 9fHe (Cl) 

All-agMimialky 

2.17 (0.69-11,5) wmai. Inblertown 

D.57 (00? ^4 9.5) woman, Topeka 

foul cotwrt 

132 (1 03-1 ffl) rrsn. Sir Ciliaj 

0 95 (0 87-1.G3) laaraee, AHSMOG 

Caritapulmiira/Y 

1.40(1 12 - 1 7S) Sit Cilia 

0 33 (0 63—1.04) women, AHSMOG 

NMRD 

119(095-1 AS) tun, AHSMOG 

No aasaeJalion in Si* Cities; 1 M (0 fiB-1 32) to/ Utamtn in >HSMDG 

Ltiruj egriftf 

3.96(1 74-901)men.AHSMOG (Btasflfl81 at') 

Q-92 (0 63-135) u/offjen, ACS 


Jess for men (1.19) than for '-'ornfcn (1,36), The separate 
effects of MMKD are nor provided, although the coral 
number of deaths In this cohort is 20,765 compared with 
1430 In the Six Cities cohort. Separate results foT respira¬ 
tory and cardiovascular disease deaths as in AH5MOG 
would be useful In both Six Ciries and ACS to better as¬ 
sess Inter-study consistency and external comparisons 
with occupational eohorts- 

The AHSMOG cohort considered cardiopulmonary and 
NMRD causes of death separately. There were no associa¬ 
tions between cardiopulmonary deaths and any of the air 
pollutants for either sex. aCPs for Pv( lc and cardiopulmo¬ 
nary mortality were 1.08 (0.9S-1.24) fat men and 0.93 
(0.03—1,04) for women (Figure 3). The 13S deaths from 
NMRD as an underlying cause showed no significant 
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bssoQations with although a reduced model — 
an ACft risk of 1 .12 (Q.84-J.S0) for men. Causes of death 
with any mention oi NMRD had ACRs of 1.19 (0.9i-1.49) 
for men, 1.08 (O.B8-1.32) for women, tod 1.13 (0.975- 
1.31) for combined men and ■women. Thus, In aHSMOG 
the ACRs for NMRD were higher than for cardiovascular 
deaths, although none were significant. 

ACRs for Tobacco Smoke, The A Cits for cardiopulmonary 
incurably and cigarette smoke were l.DQOO in hath the 
Six Cities and ACS cohorts, with differences in toxicity 
based an theta tin of coefficients of about 11, COO and 7000, 
respectively (Table 3) aCKs of cigarette smoke in the 
aHSMOG cohort were 1.0000 for death wiih any men¬ 
tion of NMJ9D. They were not reported for cardiovascular 
mortality. These calculations suggest gioup-level 
PM risks of cardiopulmonary mortality are 3 or 
more orders of magnitude larger than individual. 
le"el estimated risks associated with ambient con- 
cenuarions of tobacco smoke. 


ACRs fnr l ong Cancer Marblity for PM 
and Tobacco Smoke 

ACks far PM, The lung cancer ACR for PM J t from 
the Six Cities cohort is 1.40 (0.80-2.46). The ACR 
for TM 1S in the ACS cohort ij 1,10 (0.64-1.37) for 
men, 0.93 fO.SZ-1 ,3S) for women, and 1.02 (0.83- 
1.Z6) overall. Men in AHSMOG show lung cancer 
ACRs for PM,„ of 2.74 fl^S-S.lS) 1 or 3.96 (1.74- 
9.C1).■‘Only the former Is plotted in Figure 4. The 
AC* for PM )0 among women was 1.27 (0.65-2.46) 
in Abbey et al., 5 while Beeson ct ai, J sully reported 
that for women, the 95% confidence intervals In¬ 
cluded the null value. 

ACks far Smoking. The lung cancer ACRs for PM in 
tobacco smoke were ] .0001 among current smok¬ 
ers in the aC 5 and Six Cities cohorts and 1.GCD03- 
1.00004 for former smokers in the three cohorts 
(Figure 4). The ratio of coefficients was -4000 in 
Six Cities and 220 in ACS. in aHSMOG, the nrac 
of coe/fidenrs was -34,000-46,000 for men and 
6000 for women (Table 3). These calculations 
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JUggesi group-level PM risks of lung canon' art 2 or mart 
orders of magnirude larger Than esSraaredindivicItidiJ.leveJ 
risks associated with amblem concentrations of tobacco" 
smoke, 

Occupational Cohort Studies 

Results are presented below for ACRs derived ffpinoccu¬ 
pational studies. Analyses Were conducted /or tike cat¬ 
egories of occupational exposures: (1) carbon black} ( 2 ) 
diesel exhaust; (3) PaHs Including benzotopywne OaP); 

Thhle a. Railo ol ccdtirieoG' lot Pm and smofcnj. 
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(4) transition metals (As, Cr, and HI); and (5) Si0 2 : 
and analyses were performed for all causes, cardlo- 
uasculai, respiratory, and lung cancer mortality. 
These are described below, and each sxcdoxi Includes 
background Snioimaiiafl about the exposutes and 
the studies selected for analyses. The aCRs are dis¬ 
played In Figures 5-8 and summarized in Table 4. 
also included In Table 4 are the ACRs for smoking, 
which wete discussed previously and are Included 
here to provide a more complete listing of iodividual 
level ACRs. Mote detailed information is in the Ap¬ 
pendix. 

Carbon Black. The amount of carbon black in ambi¬ 
ent air is small. A study in 1969 estimated tire dust 
(of which carbon black is a component) conamired 
Q.B% of the aerosol above urban air In California. 12 
Maximum PM lt In the AH5MOG study is about SO 
Itg/jn* with a minimum of zero. Therefore, carbon 
black in ambient air using these numbers would 
range from - 0.008 to 0.66 ugim’, The ACRs are cal¬ 
culated on the basis of 0,3 ug /nP nr 300 agjtsi > . 

Only one study was found that provided £-R 
trends, and trends for morbidity rather than mr.>i t al- 
ity, Robertson and Ingalls" conducted a case- 
control study of carbon black workers 15 years of 
age cn older employed in 1980 in all seven carbon- 
black plants In the United 5tares. 

The high-exposure category was >300-ug/m J months 
cumuja h ve acposufe or a lifetime ‘Intensity of 357 ug/m 3 . 
The range of lifetime intensities was from no exposure to 
-600 The lifetime intensities of ca-u-s and coo dais 

were similar and risks per 0.3 pg/m 3 were 1,00 or Jess- ACRs 
for both cardiovascular and respiratory morbidity were at 
uniiy. Thus, the ACRs and ratio of coefficients far PM to 
carbon black are similar to those of PM to tobacco smoke. 

Diesel potliuusi. Diesel exhaust concentrations in th« lea 
Angelas area In the 19805 were estimated to account for 
-3% of total PM emissions and 7% of respirable fine par¬ 
ticles (PM,) emissions. Average monthly ambient concen¬ 
trations Were estimated to range from 1ft ygJcrB at the mast 
polluted locations to 2-3 Jig/rn 3 at less polluted areas. 11 
Steenlarjd et al 11 assumed a background of 1 pjj/m a . The 
EFA’” eatlmated annual averages for the United States as 
1.5-1 6 Ag/m J for 1990 and 1 1-1.2 i+fjm 1 fox 1995. The 
estimates for calculating ACRs are based on an aVefagt 
ambient concentration of 3 pgf m 3 , and so they are equiva¬ 
lent to UR. 

Three studies vere used ;o estimate ACRs. two were 
cohort mortality scud Its of coal miners and potash mlitas 
with Internal analyses comparing exposed to 'nonexjwsed 
mJner5. ,, ;lf The third study was a case-control study of truck 
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drivers, !j aCAs were generally near 1-0 for all mortality 
outcomes, so the aCBj and ratios of coefficients are simi¬ 
lar to the results for Tobacco smoke. 

PaHs. PAHs are ubiquitous air pollutants largely formed 
from the incomplete combustion of fossil and biogenic 
fuels. Concentrations of particle-bound PAHs in ambient 
air typically range from less than 1 pgfm J in rural areas to 
1-10 |ig/nr in urban areas. 19 Ambient concentrations of Bap 
are considerably lower; el ng/m 2 in urban areas without 
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coke ovens, 1-5 ng/m 2 in other cities, and 300 ng/m J 
in several European cities in the 3 96 Os.” Hcmminkl 
and Pershigen 2 ' indicate mean concentrations of 
0.7 ng/m J of PaHs as BaP In Sweden. The Expert 
Panel on Air Quality Standards® reported annual 
means In rhe United .Kingdom that ranged from -2 
ng/tn 2 pr less In 1991 io 0.5-O.S ng/nv* in 199B. Rural 
levels wire on the order of 0.1-03 ngto 2 cu lass. ACJts 
for PAHs and BaP are based on average ambient con¬ 
centrations of S |ig/m J and 1 ng/m s (0.002 wgAn- 1 ), 
respectively. 

Two occupational settings are considered for as¬ 
sessing E-ft between mortality and exposure to coal 
tar pitch volatiles, namely, alumina reduction plants 
and coke ovens. Three studies were found with t-H 
analysts, including two in the coke ovens The 
coke oven workers appear to be the same cohort, 
and only the Costantino et al. data* 1 win be used, 
since this Is the latest update. Lung cancer mortal¬ 
ity was assessed by Armstrong ct a], M in a study of 
aluminum production workers. 

Estimates of rhe AC As from all the PA H studies 
showed similar results that were at unity and are, 
therefore, similar to the results for tobacco smoke. 

Transition Metals. Spengler and Thurston 24 reported 
nondeiectable concentrations of NS in PM^ frac¬ 
tions in three of the Six Cities—Pottage, Topeka, 
and Harriman. Total concentrations of N1 In both the 
and inhalahle fraction (2.5-15 jim) ringed from a low of 
O.QOQl pgiW in Topeka to a high Of 0,0195 pg/m 3 In 
Watertown. 

Time-series sample of trace metals were collected lot 
several years In Philadelphia (n = J JoS) and Phoenix in - 
643),*' The average results were 0.00095 pg/m 2 for As, 
0.00055 pg/m 1 for Cr and 0.0038 pg/ni 3 for Mi, which are 
the units of exposure used In this review. 

Costa 2 " suggests that the "metal hypothesis" may be 
useful In explaining the epidemio¬ 
logic findings of PM-associated mor¬ 
tality and morbidity, li Is his view that 
"transition meraJs provide the foun¬ 
dation for biological plausibility." So 
it is useful to test the plausibility of 
this hypothesis. 

Th tee studies were used to esti¬ 
mate aCRs, Two were cohort mortal¬ 
ity studies of smelter workers exposed 
to As“ J1 and one was a multi-center 
study of welders exposed to Cr and 
Ni. u All ACR estimates for these stud¬ 
ies were at unity, again similar to the 
ACRs for tobacco smoke. 
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Figure 5. «CRs assodaiedwitii slfcauae rrtvtality in nccupaoonal studies sirsiiflsd 
by eonsHiuanlE in ambtem air 


Inorganic C^s- s (510 Samples collected in the Six Cities 
cohort over about a 2-yeal period showed SlOjconcen¬ 
trations in the fraction that vatied from a low of 
0,075 pg/m J In Portage to a high of 0.29 pg/m 1 in 
Steubenville.^ Concentrations in the coarse fraction (sbte 
2.5-15 Jim) ranged &om 0.98 pg/m 3 in Portfige to 2.5 |ig/m J 
in Topeka. Hie combined SiOj concentrations ranged 
from 1.06 ug/m 1 in Portage to highs of 2.59 pg/nti In 
Steubenville and 2.69 tig/nti In Topeka. The S10 2 con¬ 
tent from time-series samples in Philadelphia and Phoe¬ 
nix ranged Irani 0.116 to 0.209 ug/m 1 (0,0066-0.02216) ” 
The average concentration was 0.10S gg/tn 3 (0,01%). In 
The 1996 Criteria Document, the bPA JJ Indicated that 
tht average concentration of SiO a was 4.9% in coarse 
PM and 0,43* In fine PM. When these percentages are 
applied to the AM5M0G data, the annual concentrations 
of S)O t ranges from about 0.05 to 4.4 pg/m J . An average 
SiO, concentration in orphlcnt air of 3 lig/m 1 is the value 
used foi estimates of the ACfe. 

Seven occupational studies were found for analyses. 
These Include a modality study of workers processing dl- 
aromaceous earth, 3 " three studies of gold miners,' 5 - 13 and 
three studies of workers in pottery/quiny/minlng types 
of work 

1 Aaa Jamrvjl of the Air & V^asT9 Management Assixforion 


Some of these studies had statistically agnifi- 
CBnt ACRs above 1.0 (teg., studies of gold min¬ 
ers). Three Si0 3 studies showed ACRs of -l.DZ or 
less for total mortality. There was one study with 
ah ACR of 1.01 for cerebrovascular and Ischemic 
heart disease mortality. The ACk was 1.04 for 
chronic obstructive pulmonary disease (COPD) 
mortality among South African gold miners. The 
greatest risk in the occupational cohorts was as¬ 
sociated with lung cancer, but at ambient con¬ 
centrations, the ACRs are also around unity with 
few exceptions. 

DISCUSSION 

We have summariaed the results from a series of 
£-R studies assessing the associations of mortal¬ 
ity with ambient PM, with in dividual-level ex¬ 
posures ro tobacco smoke and various 
occupational exposures. Comparisons of ACRs 
from these studies provide the data for answer¬ 
ing the two questions posed at the outsei of this „ 
analysis. 

Tests of Internal Cmralaxency 
All-Cause Murinliy (see Figure ZV The ACS cohort 
shows consistent and significant ACRs of-1.3 4 per 
20-(ig/nr J PM ^ far tpral mortality m both sexes. 
However, these results do nor appear to be consis¬ 
tent with TWO of the Six Cities or AHSMOG 
The comparative statistics usually given for the Six 
Cities cohort when calculated as aCRs are 1.32 for men 
and 1.Z5 for women. However, when assessed by dry, 
the ACRs varied for men from 0.73 in Watertown to 
1.69 In Topeka, Tor Women, the range war 0.67 In To¬ 
peka to 2.77 in Watenown. Thus, the risks assedaied 
■with total mortality do not Increase monotonfcally with 
estimated PM for each city; they show an inverse pat¬ 
tern for men and women in two of the six cities (To¬ 
peka and Watertown), and the most polluted city 
(Steubenville) has lower aCRs than d ties with less pol- 
lutlon (Topeka, Haxrtman, and St. Louis for men; 
Watertown and Sr. Louis for women). All-cause mortal¬ 
ity Is not significantly Increased in the AH SMOG co¬ 
hort, and iheACK Is cl for women. 

Cardiopulmonary and Respiratory Mortality. The ACS re¬ 
sults show increased risks for cardiopulmonary mortal¬ 
ity that are greater for women than men (Figure 3). Ln 
Six Cities, results showed greater dsJc for cardiovascular 
than respiratory mortality. These results are inconsistent 
with aHSMOG, where che risk is greater for respiratory 
than cardiovascular mortality and greater fur men than 
for women. 
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Lung Cancer. Sin Cities and AH SMOG show increases In 
risk of lung cancer that are Inconsistent with the lack of 
risk in ACS. The ratios of coefficients fot lung cancer for 
men and women combined was times greater in St* 
Cities Ulan in ACS, and 11 times greater for men in 
AHSMOC than In ACS. Tile ACR for tvsmen in ACS was 
less than 1, but "as 1,27 In aHSMOG. 

The lung canctr results are perplexing, as there is no 
apparent increased risk in ACS, an increased but not sig¬ 
nificantly Increased risk in SIX Cities, and in AHSMOG a 
large increased risk for women and an e^en larger and 
more Implausible risk for men (2.74 Sn Abbey er al ! and 
3.96 In Beeson et al. J ). 

These analysts suggest chat the results from the Three 
PM cohorts are not qualitatively similar. While there are 
significant associations in one or more of the studies, at 
least one of the three genet ally has results that do not 
appear to be congruent with the other two, and the out¬ 
lying study Is different depending on the cause of death. 

If theie is no consistency within or between the PM 
studies, what aCRs should be used for comparisons to 
smoking and occupational data? The choices me reason¬ 
ably limited to the maximum aCR, the minimum aCR, 

volume so August am 


or some average measure such as the arithmetic 
mean or geometric mean. We will use the mini¬ 
mum and maximum ACRs for each mortality end 
point, as summarized in Table 2, 

Test of External Condstency 

Smoking. The ACRs for cause-specific deaths asso¬ 
ciated with smoking ranged between l.Qoooi and 
1.00009. The results ace quite consistent for men 
and women, former and current smokers, and be¬ 
tween cohorts for all causes erf death. 

In addition, the ratio of coefficients for PM ver¬ 
sus tobacco smoking is 2-4 Orders of magnitude, 
as shown in 'fable 3. The exception Is rhe ACS co¬ 
hort. where the risk of lung cancer was not in¬ 
crease U- 

if the lowei PM ACRs ate used, they are generally 
less than 1 (Table 2), which Indicate they are not 
toxic (It is not reasonable ro call them protective). 
Thus, in comparison to tobacco smoke, whose 
aCKs are very slightly greater than 1 (Table 4), and 
based on the lower estimated PM risks, ambient 
PM can be considered non toxic at ambient con¬ 
centrations used in this analysis. 

Tobacco smoke is known to be a significant risk 
factor for all causes of death studied in rhe air pol¬ 
lution cohorrs, bur in the PM Cohort studies, the 
aCKj for tobacco smoke are equivalent to a value 
of 1 .moo, indicating no roxicity at ambient con¬ 
centrations. Thus, In the PM cohort studies, the ability to 
detect meaningful risks at ambient concentrations of FTS 
is essentially none. The inability ro reliably measure aCRs 
for ETS detracts from the PM hypothesis. The results for 
tobacco exposure are nor coherent with rhe high URs as¬ 
sociated with FM from the air pollution studies, but they 
are coherent with the lack of risk seen for the low aCRs 
associated with ambient PM. 

In summary, there is a lack of coherence when com¬ 
paring the higher ACRs derived from ambient PM with 
the aCRs derived from tobacco smoke. The ratios of coef¬ 
ficients comparing higher PM risk estimates with tobacco 
'moke are so large as to not be plausible. The lower risk 
estimates derived from ambient PM art less than the AJZHs 
for smoking, and do not suggest a causal association, as 
these low aCRs indicate no association with mortality. At 
the average concentration* measured in ambient air In 
these studies, ambient PM is cither mote roXic than simi- 
1 ar concentrations of tobacco smoke (based on the higher 
aCRs), or somewhat less toxic than tobacco smoke so re¬ 
liable estimates of risk cannot t* detected ar these con¬ 
centrations (using lower aCRs). 

The results using tobacco smoke suggest the consis¬ 
tency and coherence criteria for a causal association 
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figure 7, ACfls asscdated v»llh raspkaKvy mafrsfty n occupational muttes siratiliad 
i>y conslltuems m amblAnT *iJr 


between PM and morality in the Six Gtie$, ACS, 
flHSMOC cohorts are fioi met, and the lower ACRs ipi 
PM, s and PM j0 are the more plausible. 

Occupationol. Occupational studies with quantitative 
E-R analyses Were summarized where the majof occu¬ 
pational exposure was a particulars constituent of ur¬ 
ban ait, namely, carbon black, djesel exhaust, pAHs, 
BiP, Cr, As, Nl, and SiQ,, All of these substances, with 
the possible exception of carbon black, have buen con- 
jjdered as possible or probable substances causing car¬ 
diopulmonary disease and/or lung cancer at some 
con cenrratton- 

The results of the occupational studies are consistent 
among themselves for all causes of death and for each 
pollutant, The ACRs are consistently about 1,00, as sum¬ 
marized In Table 4 and shown In Figures S-8, with a few 
above 1.0 and more below 10, and with few exceptions 
art similar to the ACRs for tobacco smoke, 

At these low ACRs, one would nor be able to detect 
an increased risk of mortality with tiny degree of reliabil¬ 
ity, These low ACRs also Indicate that exposures to these 
substances at ambient concentrations are not toxic. 
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An AC* of at least 1.0 should be expected, 
as positive E-ft trends are common. When the 
£-* is analyzed by regression, 3 linear model is 
generally the method of choice, which assumes 
no threshold. Thus, if there is an M. trend, then 
the coefficient will be positive, even at thfc com¬ 
paratively low con ten nations in ambient air 
compared ro workplace exposures. And one 
would expect positive E-R trends for several rea¬ 
sons, including the toxic nature of most of these 
Substances at some concentration, increased po¬ 
tential lor Increased risks ar high In Tensities, and 
possible underestimates of exposure in the past 
that can produce an oveiestaraaut in toxicity. 

Most occupational aCAs ate - 1,0 for all 
cause-specific mortality, although a lew aCEs are 
higher. For example, the SiO, studies generally 

show increased mortality for respiraiory diseases, 
and especially for silicosis, blit often do not for 
other causes of death. The highest SiC, ACRs are 
1 .Q2 lor total and cardiovascular mortality, but are 

2.14 foi respiratory end 1.23 for lung cancer mor¬ 
tality. In contrast, the highest PM-hastd ACKs by 
cause of death are 2.7? for women in Watertown, 
f. 40 for Six Cities, l.lbfoiinenin AHSMOO, and 
i.96 lot men in AH5MOG (Table Z). Using ihe 
tabes ol the ACR coefficients, the estimated tox¬ 
icity of PM at ambient concern nations Is 14 Urns 
grenter than H0 2 for total mortality, 17 times 
greater fat cardiopulmonary, and 7 times greater 
foi lung cancer. The estimate lor respiratory mortality Is 
about 4 times greater for 510, than tar PM. 

Considering the results by cause of death, the ratio 
of coefficients between the PM and occupational/smok' 
ing estimates of risks have a broad range. When the ratios 
are near unity, they are generally associated with risks less 
than X from both sources, As on example, all of the low¬ 
est ACfts for PM are less than 1.0. so the ratios are ah less 
than 1.0, Indicating that ambient PM is less toxic than all 
the occupational exposure agents at ambient concentra¬ 
tions. Some might argue that occupational cohorts are 
not suitable for comparison with the PM cohorts because 
of The healthy worker effect and the need 10 protect sus¬ 
ceptible Individuals. In many of these Studies, there was 
no apparent healthy worker effect as total and cnise- 
speeifle mortality were often near at above the null value. 

The aHSMOG cohort was selected as a Ipw-rtsk 
group. Itls comprised of Seventh .Day Adventists, a group 
Whose religion prohibits the use of alcohol, tobacco, and 
pork and strongly recommends a iacTo-avciVegetarian 
diet. Eat life! reports documented their lower mortality 
for C Oncer, tardiov&sculai, and othe'r chronic diseases 
compared with the If.S. population and nonsmoking 
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Estimated flCPWMaan Cone, in Ambient Air 


Figure 8. aGRs associated with lung cancer mofiaitry in occupational yudiaa atraMieo 
by eonaTlwems n amfcaeni air. 


whited living In California-'* So this population appears 
to be a healthy population, perhaps more so even than 
an occupational cohort. 

Tht ACS cohort is also likely to be a healthy popula¬ 
tion. It is not representative of the general population, 
but “was >00% white, mainly middle class, oldsT, more 
educated, more often married, and less urban'l*- 1 Except 
for age, which Is controlled in the analysis, these tend to 
he factors that are associated with better rather than poor 

health. 

The weight of evidence from the occupational co¬ 
horts, like that from smoking, suggests that PM ACRs art 
implausibly high. Further, the ACRs estimated from these 
occupational toxicants are unlikely to be detected wiih 
reliability, erven though the risks are consistently elevated 
at The concentrations found at work. 

Strengths and limitations of Analyses 

The analytic approaches died in this paper have both 
advantages and possible llmirrrtionr. First, aCK compari¬ 
sons for each substance fe.g., tobacco smoke and PAHs) 
were made at current estimates of ambient exposures. This 
is a different way to compare risks, and is in contrast ro a 
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more traditional UR approach of using a fixed 
unit for c»ch substance, such a.4 1 Ug/®\ When 
considering large differences in toxicity between 
substances, the fixed UR approach sometimes 
creates highly unrealistic scenarios {e.g., a level 
of exposure that would be extremely toxic), 
compared with the ambient level comparisons, 
where the concentrations are so low that a re¬ 
sponse as severe as mortality cannot be mea¬ 
sured with reliability. 

The smoking comparisons utilize data from 
the same three cohort studies from which tht 
PM estimates came. These data provide two esti¬ 
mates of aCAs for the same individuals in the 
same study, thereby providing scientifically ’ro¬ 
bust, within-swdy comparisons of dak contrast¬ 
ing group-level exposure (ambient PM) and 
exposures to tobacco smoke, which are estimated 
at the individual level. The comparisons ro oc¬ 
cupational studies are nor as robust since ihe 
populations are not the same people and the risks 
are derived from different studies at cUtferent ex¬ 
posures and perhaps different particle sizes. How¬ 
ever, the weight of evidence from occupational 
studies shows a consistency of results across many 
studies and different substances- and the ratios 
of risks are so large as to make li improbable that 
ihe problems In the occupational comparison 
could be explained by those relatively minor dif¬ 
ferences. It Is also improbable that the differences 
in categories for cardiopulmonary mortality can explain 
tht differences in risk. Thus, these comparisons Indicate 
a Lack of coherence between risks derived from ambient 
PM studies and those fiom occupational studies. 

Our analyses have assumed a noihresboldxnodel for 
the fc-tt. We have also assumed the E-R relatlonihip holds 
over the range of high occupational exposures to low 
ambient exposures. These methods have some unrertsin- 
tles, but Ihe techniques are generally accepted. However, 
regarding both of the assumptions above, other ap¬ 
proaches should be cried and compared ro out findings, 

CONCLUSIONS 

(1) There Is a lack of iirtra- and Inter-study consis¬ 
tency in the results from ths air pollution cohorts 
that detracts fiom tht EM hypothesis. 

(2) There is a lack of coherence between higher PM 
ACRs and ACRs derived from Individual-level 
estimates of exposure, so the hypothesis of a 
causal association between ambient PM and 
chronic mortality is not supported, 

(3) Current concentrations of several kinds of PM in 
ambient air (e.g., tobacco smoke, cfeseJ echausr, 

Joufn&l cut chrf AS & IVfiMG MRr&j&rvadl Ateccbiirr) 1&2S 
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PAHs, and transient metals) are too !a« to reli¬ 
ably measure risks of mortality. 

( 4 ) The lower PM ACJtS are similar to indtf"idual-level 
aCR s, Indicating that concentrations of PM in 
the Si* Cities, ACS, and aHSMQG studies are too 
lo<*j to estimate risks of mortality, and that higher 
ACRs for PM are probably overestimates of the 
true risks. 
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i anr/m 

tioSmX 

aHSWOG 

lung 

fenraJe 

41,9 

317500 

3ME-01 

215E-04 

-1.506-04 

5.96E-04 

1.QC0Q4 

0.93997 

100012 

Diesel 

Jonnsiofl 

lung 

male 

QO 

10 00 

1.002*00 

-1.CE-02 

-Z45E-01 

2 H 26-01 

0,08156 

D*/g2a3 

13Z51 

Qieyrt 

Johnston 

branch 

mala 

0.0 

10.00 

1.00£*fl0 

1 B2E-Q2 

9 55E-03 

2.7BE-02 

1(^40 

1 ODSBO 

1.02820 

DtBsel 

JohnslofT 

total 

meie 

0,0 

10,00 

7,006*00 

-9 40E-Q3 
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male 

00 
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00 
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lung 
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